The current research was conducted to estimate the prediction equations of semen characters from live performance traits. The performance traits were body weight (BW) and length of shank (SL), comb (CL) and wattle (WL). For this purpose 102 cocks (26 Fayoumi-Nana, 25 Fayoumi-nana, 27 Dandarawi-Nana and 24 Dandarawi-nana) were used. The Fayoumi strain had significantly wider wattle length, higher abnormal sperms and lower coiled tail sperms compared to Dandarawi one. With respect to naked neck (Na) gene, the results indicated that the Na gene had taller CL, wider WL, higher semen volume and lower PSV and higher abnormal sperms compared to normally feathered genotype. In all genetic groups, the coefficients of sample correlation between the body weight and PSV were highly positive and statistically significant. Also, both PSV and abnormal sperms were significantly correlated with BW, CL and WL. Within Dandarawi strain, the BW, CL and WL are good predictors for semen volume in Nana genotype. However, BW alone is good predicator of semen volume in nana genotype. Moreover, within Fayoumi strain, the BW and WL are good predicators for semen volume in Nana genotype. Also, the CL alone is a good predictor for semen volume in nana genotype. The BW, CL and WL are good predictors for PSV in both Fayoumi-nana (R = 0.75) and Fayoumi-Nana (R = 0.65). According to the findings in this study, it may be concluded that 2 2 the body weight and lengths of shank, comb and wattle are good predictors of semen attributes in chickens. Moreover, the accuracy of prediction equations (R ) increased with the presence of naked neck (Na) gene, 2 in Fayoumi strain, but not in Dandarawi one.
Introduction
Accurate and reliable prediction equations for estimating semen characters from in vivo measurements are required by poultry breeders. The most accurate method for the evaluation the semen measurements are collection of semen followed by microscopically examination. However, this method is stressful for the bird, time consuming and costly. Thus, simple, reliable and indirect methods for in vivo estimation of semen attributes based upon the correlation between particular traits and parameters were needed. Literature provides scant information on selection directed toward improving the semen characters in male chickens. Numerous studies (Dourgham, 1980; Hossari, 1980; ElSayiad et al., 1994; Abdellatif, 1999) have recommended the use of lengths of comb and wattle as good indicators for selection of quantitative traits in chickens. Behavioral studies in sexual selection of red jungle fowl show female preference for males with larger combs (Zuk et al., 1995; Ligon and Zwartjes, 1995) . Larger combs may reliably indicate roosters with greater semen production (Burrows and Titus, 1939) , higher androgen levels (Gilbert, 1971) , or increased mating activity (Ligon et al., 1990) . Additionally, male comb area may indicate health status. The immunocompetence theory asserts that well-developed secondary sexual characters indicate a male's ability to avoid parasitization and maintain good health (Hamilton and Zuk, 1982) . For example, highly parasitized male red jungle fowl possess smaller combs than healthy males (Zuk et al., 1998 ). Female's preference for males with developed secondary sexual characters increases their likelihood of selecting a healthy male in good reproductive conditions (Nur and Hasson, 1984; Pomiankowski, 1987; Moller, 1994; Zuk et al., 1995) . Positive correlation between wattle length, comb length and fertility indicates that the development of secondary sexual characters may convey male reproductive quality in some genetic strains (McGary et al., 2003) . Number of spermatozoa per ejaculate and body weight were positively correlated (Wilson et al., 1988) . This is contrary to the reported negative influence of body weight on semen production (Scogin et al., 1982) . However, Harris et al. (1984) observed a positive relationship between body weight and semen volume when males were 48 wk of age, but the relationship was not present when males were 30 or 40 wk of age. Recently, indicated that genes that govern lengths of shank, comb and wattle would tend to be i nherited linked with genes controlling ejaculate volume and sperm concentration, but independently of those controlling sperm motility and abnormal sperms. From this view, this experiment was designed to develop prediction equations to estimate the semen characters using in vivo information in terms of body weight and Table  and 2900 kcal ME/kg diet up to 40 weeks old. Birds were 1 showed that the live performance parameters a s subjected to 14L: 10D lighting regime with free access affected by strain, genotype and their interaction. There to feed and water. Temperature of house birds was was no significant difference between strains for body fluctuated between 28.5 and 31.7°C during the weight, shank length and comb length. Conversely, the experimental period.
Fayoumi strain had significantly wider wattle length Measurements and observation: Body weights were (Na) gene, it could be speculated that the body weight recorded at 40 weeks of age. Also, shank length was did not significantly affected by the Na gene. However, determined on live birds by measuring the length of the presence of Na gene associated with significantly the tibiotarsus (from the top of hock joint to the foot pad) higher length of shank compared to normally feathered with a digital caliper. Head appendages (comb and counterparts. wattle) were measured using a measuring tape as a Selection for important economic traits may accompany distance between the upper and the lower point of the altered secondary sexual characters. These organ. Semen samples were collected free o f modifications may result in lower fertility and reduced transparent fluid by abdominal massage technique.
libido. The present result speculated that the presence Ejaculate volume (ml) was measured using 2 ml pipette.
of Na allele associated with significantly taller comb and Sperm motility was estimated just after semen collection wider wattle lengths compared to normally feathered by microscopic examination. Advanced motility was counterparts. On one hand, the presence of Na gene expressed as a percentage of actual progressive may increase libido and frequency of mating. On the motion. Packed sperm volume (PSV), which was other hand, comb, wattle, and shank length are considered as a guide to sperm concentration, was considered as means to heat dissipation or heat determined by centrifugation of capillary tubes at 5000 release. Naked neck genotype had longer shank length rpm for 15 min. Abnormal sperms, coiled tail and dead than the normal neck. This higher length in leg sperms were counted in a number of 200 sperms and enhanced the releasing of additional heat along with then calculated as a percentage. main pathways through comb and wattles. Therefore, Statistical analysis: Data were subjected to a two-way assist to tolerate more heat stress than fully feathered analysis of variance with strain and genotype effect sibs. Under moderate or high ambient temperatures, using the General Linear Models (GLM) procedure of Zongo and Petitjean (1990) ; Fathi et al. (2000) and Galal SAS User's Guide, 2001 and their interaction. The data and reported that the Nana genotype was were analyzed according the following model; significantly longer comb and wider wattle lengths
Where; Semen characteristics: Data summarized in Table 2 
showed that the semen characters of male chickens as Si = strain effect (I = 1, 2), affected by strain, genotype and their interaction. There Gj = genotype effect (j = 1, 2), was no significant difference between strains for semen (S*G)ij = interaction between strain and genotype, volume, advanced motility, packed sperm volume o r eijk = experimental error. dead sperms. Inversely, the abnormal sperms o f Correlation coefficients among the live performance Dandarawi one. Opposite trend was noticed for coiled parameters and semen characters for each genotype tail sperms, where the Fayoumi strain had significantly within strain were calculated using PROC CORR lower coiled tail sperms compared to Dandarawi one. Fayoumi strain was significantly higher than that o f With respect to genotype effect, the present result Correlations: The present study aimed to derive multiple indicated that the presence of Na allele associated with regression equations for prediction of semen significantly higher semen volume compared to nana characters. Thus, it was necessary to determine the genotype. Inversely, the Nana genotype was lower suitability of various traits measured on live birds for advanced motility and packed sperm volume compared indirect estimation of the semen characteristics. Their to nana one. Furthermore, the presence of Na allele was suitability for this purpose depends primarily on the significantly increased abnormal, dead and coiled tail presence of high correlation between certain body sperms compared to normally feathered genotypes. measurements and semen characters. Data presented These results were confirmed with El-Wardany and Zein in Table 3 show that coefficient of simple correlations El-Dein (1995); Fathi et al. (1998); Galal et al. (2000) .
between the live performance measurements and They reported that the naked neck cocks have criticized semen characters. Significantly negative relationship for their proportionally higher semen volume, lower between body weight and semen volume was observed packed sperm volume, lower advanced motility, higher in all genetic groups, except of Fayoumi-Nana genotype, abnormal sperms, and higher coiled tail sperms. The whereas the association between body weight and abnormal, dead and coiled tail sperms were significantly semen volume was significantly positive. Several affected by interaction between strain and naked neck authors (Harris et al., 1984; Marks, 1985 ; Siegel and gene. Within Fayoumi strain, the presence of Na gene Dunnington, 1985) observed a positive relationship increased abnormal, dead and coiled tail sperms by between live body weight and semen volume. Inversely, 63.0, 62.5 and 112.9%, respectively compared to nana Scogin et al. (1982) found a negative correlation genotype. However, within Dandarawi strain, the between body weight and semen volume. presence of Na gene decreased abnormal and dead Genetically increased growth rate has negative sperms by 5.0 and 14.3%, respectively compared to influences on reproductive traits of cockerels. Estimated nana genotype. Moreover, there was no difference and realized genetic correlation between body weight between genotypes for coiled tail sperms. and motility of spermatozoa are negative (Siegel and Dunnington, 1985) . The present result indicated that the live body weight was significantly negatively correlated with advanced motility in both Dandarawi-Nana and Fayoumi-Nana genotypes. Inverse relationship was observed in Dandarawi-nana and Fayoumi-nana genotypes. Altered musculoskeletal conformation due to selection for high yield cause difficulty in successfully transferring sperm into the oviduct during mating (McGary et al., 2003) , whereas Soller and Rappaport (1971) ; Bowling et al. (2003) observed that sperm motility and mobility are negatively associated with body weight. Males from high weight lines produce ejaculate o f greater volume, but lower concentration of spermatozoa (Marks, 1985; Siegel and Dunnington, 1985) . The present result observed that the coefficients of sample correlation between the live body weight and packed sperm volume, which was considered as a guide to semen concentration, were strong positive and statistically significant in all genotypes. The last result could be attributed to the both Dandarawi and Fayoumi strains were not subjected to intensive selection program and consequently, high additive and nonadditive genetic variation. Live body weight was significantly negative correlated with abnormal sperm percent in both nana and Nana Fayoumi males. Opposite trend was noticed in both Dandarawi genotypes, whereas there was significantly positive relationship between body weight and abnormal sperm percent. Positive relationship between live body weight and both dead and coiled tail sperm percentages was observed in Dandarawi-Nana genotype. Conversely, significantly negative correlation between body weight and both dead and coiled tail sperm percentages was noticed in Fayoumi-Nana genotype. Ejaculate from cockerels of lines selected for high as opposite to low juvenile weight tend to contain spermatozoa with lower metabolic rates and higher percentages of dead and abnormal sperms (Siegel and Dunnington, 1985) . Leg size does not seem to have direct (positive o r negative) on male fertility levels (McGary et al., 2003) . However, the higher length in leg enhanced the releasing of additional heat along with main pathways through comb and wattles. The present result indicated that shank length was negatively correlated with semen volume in all genetic groups, except of Dandarawi-nana genotype. Significantly positive relationships between shank length and advanced motility (r = 0.72), abnormal p (r = 0.87), dead (r = 0.84) and coiled tail (r = 0.85) p p p sperm percentages were observed in Fayoumi-Nana genotype. However, these correlations were low in other genetic groups. Comb and wattle growth are androgen dependent (Zeller, 1971) and have been shown to correlate with a male's health status in red jungle fowl (Hamilton and Zuk, 1982) . Also, the relationship between secondary sexual characters and fertility was confirmed in domestic fowl by McGary et al. (2003) , who found that male broiler breeders with larger combs within specific strains were likely to have higher fertility, as a significant positive correlation was found between strain A males and their individual fertility level. As such, if female broiler breeders more frequently crouch for and subsequently mate with males having large, symmetrical comb and wattle, differential fertility may be related to the fact that high quality males secure a higher mating frequency. Within Dandarawi strain, there was significantly negative relationship between comb length and semen volume in both nana and Nana genotypes. Conversely, within Fayoumi strain, there was significantly positive correlation between comb length and semen volume in both nana and Nana genotypes. Significantly positive relationship (r = 0.43) between comb length and p advanced motility was observed in Dandarawi-Nana genotype. Similar trend, but not statistically significant, was noticed in Dandarawi-nana counterparts. Conversely, within Fayoumi strain, it could be showed that significantly negative correlation between comb length and advanced motility in both nana and Nana genotypes. Significantly positive relationship between comb length and PSV was noticed in all genetic groups, except of Fayoumi-nana genotype. Comb length was significantly negative correlated with abnormal sperm percentage in both Fayoumi and Dandarawi naked neck genotypes. Inversely, this relationship was significantly Table 4 : Regression equations to predict semen characters at 40 weeks old from live performance parameters (Fayoumi males) Regression coefficients for: Table 5 : Regression equations to predict semen characters at 40 weeks old from live performance parameters (Dandarawi males) Regression coefficients for: Fayoumi-Nana genotype. Within Fayoumi strain, the coiled tail sperm percent was significantly negative correlated (r = -0.92) with comb length in Nana p genotype. Opposite relationship (r = 0.49) was noticed p in nana counterparts. Wattle length was significantly positive correlated with semen volume in both Fayoumi-Nana and DandarawiNana genotypes. Inverse relationship was noticed in remaining genotypes. Advanced motility was positively correlated with wattle length in all genetic groups, except of F ayoumi-Nana genotype. Likewise, PSV was significantly positive correlated with wattle length in all Abnormal sperm percent was significantly negative correlated with wattle length in all genotypes, except of Dandarawi-nana genotype. Wattle length was significantly negative relationship with dead and coiled tail sperm percentages in Fayoumi-Nana genotypes. Males with a high frequency of mating would have larger secondary sexual characters, high sperm quality and ultimately sire more progeny when housed in groups (Bilcik et al., 2005) . Also, McGary et al. (2003) indicated that broiler breeder males with more symmetrically wattles and tibia length had higher fertility. Generally, there is high correlation between semen characteristics and body weight, comb length, and wattle length. This suggests that these parameters may be good indicators for semen characteristics in chickens. The lengths of comb and wattle are good predictors for abnormal sperms in Fayoumi-Nana and Dandarawinana genotypes. However, the BW and either CL or WL are good predictors for abnormal sperms in FayoumiNana and Dandarawi-nana genotypes, respectively. According to the findings in this study, it may b e concluded that the body weight and lengths of shank, comb and wattle are good predicators of semen attributes in male chickens. Moreover, the accuracy of predication equations (R ) increased with the presence 2 of naked neck (Na) gene, in Fayoumi strain, but not in Dandarawi one. Also, because of the discrepancy of results between theses two breeds and genotypes, this suggests that independent strain evaluation must be conducted to characterize the most reliable phenotypic semen quality indicators in each case.
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